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© Atomic force sensor head with interf erometric measurement of the properties of a data store. 

© The atomic force sensor head comprises a can- 
tilever beam (2) forming an integral part of a body 
(6) from which it extends such that it has a free end 
to carry a member (3) for interaction with a surface 
(11) to be investigated. As said member (3) is 
brought close to said surface (11), atomic forces will 
cause a deflection of said cantilever beam (2). This 
deflection is translated into a variation of an electrical 
value, namely of the output signal of a photodetector 
(10) which receives the laser light (8) reflected by a 
mirror (4) formed on said cantilever beam (2) and 
passing through a via hole (7) in said body (6) as 
well as through a second, half-transparent mirror (5), 
said mirrors (4, 5) forming a Fabry-Perot interfero- 
meter. 
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This invention relates generally to Atomic 
Force Microscopes (AFM) and more particularly to 
an atomic force sensor head for measuring the 
properties of a data store by interferometric means. 
A precondition for the applicability of the invention 
to data stores is that they show, at their surface, a 
variance in their molecular structure or arrange- 
ment of their molecules that depends on whether a 
data bit is stored or not stored. These data stores 
per se are not the subject of this invention. 

The Atomic Force Microscope proposed by G. 
Binnig in EP-A-0 223 918 and described by G. 
Binnig, C.F. Quate and Ch. Gerber. Phys. Rev. 
Letters, Vol.56, No.9, March 1986, pp.930-933, em- 
ploys a sharply pointed tip attached to a spring-like 
cantilever beam to scan the profile of a surface to 
be investigated. At the distances involved, minute 
forces occur between the atoms at the apex of the 
tip and those at the surface, resulting in a tiny 
deflection of the cantilever. In Binnig's proposal, 
this deflection is measured by means of a tunnel- 
ing microscope, i.e., an electrically conductive tun- 
nel tip is placed within tunnel distance from the 
back of the cantilever beam, and the variations of 
the tunneling current are used to determine the 
deflection. With known characteristics of the can- 
tilever beam, the forces occurring between the 
AFM tip and the surface under investigation can be 
determined. 

The forces occurring between a pointed tip and 
a surface are usually described as van-der-Waals, 
covalent, ionic, or repulsive core interaction forces. 
The energies involved in the atomic distance ap- 
proach between single atoms respectively at the 
apex of the tip and on a surface are in the range of 
Eo = 0,01...1GeV = 10 -^...lO - ,8 Joule. The 
corresponding distances are in the subnanometer 
range of xo = 10...1000 pm = 0,01 ...1 nm. The 
respective forces (i.e. the first derivatives of the 
potential function, therefore, are in the range of Ko 
= 10 pN .~ 10 nN. The resulting atomic 'spring 
constants', i.e., the second derivatives of the poten- 
tial function are in the range of G 0 = 100...0.01 
N/m. These data can be deduced from surface 
studies and many other sources, such as the val- 
ues of elastic constants. 

Experiments with van-der-Waals forces are re- 
ported in M.J. Spamaay, "Measurements of Attrac- 
tive Forces Between Rat Plates", Physica XXJV 
(1958) pp. 751-764. fig. 2 of this reference shows 
a setup comprising a cantilever beam fixed at one 
end and bearing at half-length one plate of a pair of 
parallel plates, the other plate of which is mounted 
independent of the cantilever beam. The weight of 
the beam is balanced by a spring, and the deflec- 
tion the beam undergoes upon interaction of the 
pair of plates is determined by the variation of a 
capacitor having one of its plates attached to the 



cantilever beam, while the other plate is fixed. 

It is one object of the present invention to 
describe one embodiment of an atomic force mea- 
suring device which uses techniques alternative to 

5 tunneling, while keeping the cantilever as a 
force/deflection translator. The devices in accor- 
dance with the invention can be used as atomic 
force microscopes, but they may aJso find a wider 
field of application once available. 

w The present invention accordingly contem- 

plates to teach an atomic force sensor head for 
measuring the properties of a data storage me^ 
dium, comprising at least one cantilever beam fixed 
at one end and carrying an interaction member in a 

75 location distant from said fixed end for interaction 
with the surface of said storage medium to be 
investigated, and means for detecting the deflec- 
tion of said cantilever beam as said interaction 
member interacts with the surface of said storage 

20 medium. Said detection means are designed to 
convert said deflection from the home position of 
said cantilever beam to a variation of an electrical 
value other than a tunneling current, from an initial 
level thereof. The sensor head of the invention is 

25 characterized in that said interaction member is 
designed as a pointed tip forming an integral part 
of sad cantilever beam which in turn extends from 
a body across a via hole therein, that said cantile- 
ver beam carries a metal film, that said via hole on 

30 the side of said body opposite said said cantilever 
beam is closed with a half-transparent mirror, that a 
laser is aligned with the axis of said via hole, that a 
beam splitter is arranged at an angle in the path of 
the laser beam so as to deflect part of the light 

35 from said laser onto a photodetector. the arrange- 
ment forming a Fabry-Perot interferometer with the 
value of the output signal from said photodetector 
being a measure for the deflection of said cantile- 
ver beam as its tip interacts with the surface of the 

40 storage medium. 

Details of an embodiment of the invention will 
be described by way of example in the following 
description and with reference to the attached 
drawing which is a cross-section through a micro- 

45 mechanical sensor head arranged as a Fabry-Perot 
interferometer. 

It is known in the art that interferometric tech- 
niques permit the measurement of position 
changes down to less than 0,1 nm. The achievable 

so sensitivity is comparable to capacitive arid tunnel- 
ing methods and sufficient for atomic force detec- 
tion. 

While optical methods generally have the dis- 
advantage of requiring more complicated apparatus 
55 and alignment procedures than purely electronic 
methods, there are some important advantages 
over other methods: 

1 . The signal represents displacement averaged 
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over a sizeable area of the cantilever beam, 
hence is not sensitive to singular atomic 
changes in the measurement zone. 

2. The light beam exerts practically no forces on 
the cantilever beam. 

3. The light beam allows for contact-free remote 
probing. 

Referring to the single figure, there is shown an 
atomic force sensor head 1 which* comprises a 
micromechanical cantilever beam 2 with a pointed 
tip 3. A metal film 4 coated on cantilever beam 2 
forms a high-reflectivity mirror which is large in 
size as compared to the wavelength, for example 
50 x 300 /tm. A second, half-transparent mirror 5 is 
mounted on the rear side of the body 6 on which 
cantilever beam 2 is arranged. A via hole 7 be- 
tween mirrors 4 and 5 permits the passage of light. 

The two parallel mirrors 4 and 5 form a Fabry- 
Perot interferometer. The spacing between them 
can be adjusted by electrostatic deflection of can- 
tilever beam 2, using metal film 4 and body 6 as 
the electrodes. To this end. body 6 may consist of 
a doped semiconductor. Cantilever beam 2 can be 
lined up for maximum displacement sensitivity 
(which occurs at the slope of the Airy function 
describing the Fabry-Perot reflection/transmission 
characteristics). 

The Interferometer is illuminated by a laser 8 
from below body 6. A beam splitter 9 lets part of 
the light pass through via hole 7 onto the Fabry- 
Perot interferometer 4/5. The light reflected from 
interferometer 4/5 gets deflected onto a 
photodetector 10. With the adjustment properly 
performed, any change in spacing between tip 3 
and the surface 11 of the sample 12 under inves- 
tigation, caused by forces acting on tip 2, will 
manifest itself as a variation of the reflected light 
intensity. 

For best resolution, the atomic force sensor 
head embodiment just described should be op- 
erated under vacuum. Both, laser and photodetec- 
tor may be placed inside the vacuum, and can be 
integrated into the micromechanical chip. 

As the tip 3 is approached to the surface 1 1 of 
the sample 12, the nearmost atoms at tip and 
surface interact developing a force between them 
which is determined by their interaction potential 
Ufot . their distance r, and the spring constant C of 
cantilever beam 2. In equilibrium, i.e., when the 
atomic force dUj nt /dr balances the spring force C x. 
the deflection of cantilever beam 2 is given by: 

U,„, + 2 C x 2 = Min. 
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is a harmonic oscillator with an eigenfrequency <ao. 
!n the presence of the said atomic interaction, the 
resonance frequency of cantilever beam 2 is shift- 
ed in accordance with 



CO 



= <4 + 



C 



d 2 U 



int 



)- 



This term assumes that higher-order terms of the 
interaction potential do not contribute to the equa- 
tion of motion. The measurement of the frequency 

75 shift has the great advantage of eliminating the 
length measurement, resulting in simplified calibra- 
tion of the sensor head. 

The design of this sensor head has to be 
optimized with regard to opposing requirements: 

20 For the sake of high sensitivity, a weak spring 
constant C is desirable. However, the maximum 
tolerable amplitude of the thermal vibrations of the 
arrangement poses a lower limit. Furthermore, C 
should be larger than the maximum of cPUim/dr 2 . 

25 lest metastable equilibrium positions should exist, 
rendering reliable operation of the sensor head 
impossible. This might become a severe problem 
in the case of the short-range covalent binding 
interaction where second derivatives of the poten- 

30 tial of the order of 10...100 N/rn are to be expected. 
Accordingly, a rather stiff cantilever beam is desir- 
able. 

To permit detailed investigation of the weak 
attractive forces between two atoms, i.e., the sec- 
35 ond derivative of the interaction potential C int = 
dPUint/dr 2 , the embodiment shown should be 
dimensioned in accordance with the following con- 
siderations: 

The second derivative C| nt of the interaction 
40 potential Uh,, and the measured frequency shift A« 
are related as follows: 



C in t = 2C 



eff 



Acq 
co 0 



where C c « is approximately equal to the static 
spring constant of cantilever beam 2. The detection 
50 threshold C min can be expressed in terms of the 
eigenfrequency (I)o . the Q factor of the resonator, 
and the integration time r of the frequency mea- 
surement: 



The embodiment shown may be adjusted to 
yield a static deflection x « 10 . . . 100 pm which 
can be detected statically. Cantilever beam 2 also 
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Cmfn is chosen at 0.01 N/m; a Q factor of 1000 for a 
micromechanicaJ cantilever beam has recently 
been established; the integration time t must not 
exceed 10 ms in order to allow for constant force 
scanning microscopy in addition to the measure- 
ment of the interaction potential Uim; and the eigen- 
frequency «o should be about 2v x 10kHz in order 
to allow for adequate isolation from ambient vibra- 
tions. With these parameters, one obtains C eff = 4 
N/m and a detector sensitivity of 1,25 kHz/(N/m). In 
other words, a Cmm of 0,01 N/m gives rise to a 
frequency shift of 12,5 Hz. The rms amplitude of 
the thermal vibrations is 0.016 nm at liquid nitrogen 
temperature and 0,03 nm at room temperature. 

Terms of the interaction potential of an 
order greater than 3 give rise to an additional 
frequency shift proportional to the square of the 
vibration amplitude. This frequency shift causes an 
ambiguity Cah of the measured Cj nt of the order of 



C ah < T 



d 4 U 



int 



x t*v 



Considering the fact that C eff = K" f R , with K 
being a constant close to unity, the dimensions for 
cantilever 2 can be calculated from the following 
equations for the force constant f R and for the 
resonant frequency <oq : 



wf 



1. Atomic force sensor head (1) for measuring the 
properties of a data storage medium (12), 
comprising at least one cantilever beam (2) 
s fixed at one end and carrying an interaction 

member (3) in a location distant from said 
fixed end for interaction with the surface (1 1) of 
said storage medium (12) to be investigated, 
and means (4...10) for detecting the deflection 

10 of said cantilever beam (2) as said interaction 

member (3) interacts with the surface (11) of 
said storage medium (12), wherein said detec- 
tion means (4...10) are designed to convert the 
deflection of said cantilever beam (2) into a 

75 variation of an electrical value, other than a 

tunneling current from an initial level thereof, 
characterized in that said interaction member 
is designed as a pointed tip (3) forming an 
integral part of said cantilever beam (2) which 

20 in turn extends from a body (6) across a via 

hole (7) therein, that said cantilever beam (2) 
carries a metal film (4), that said via hole (7) on 
the side of said body (6) opposite said said 
cantilever beam (2) is closed with a half-trans- 

25 parent mirror (5), that a laser (8) is aligned with 

the axis of said via hole (7), that a beam 
splitter (9) is arranged at an angle in the path 
of the laser beam so as to deflect part of the 
light from said laser (8) onto a photodetector 

30 (10), the arrangement forming a Fabry-Perot 

interferometer with the value of the output sig- 
nal from said photodetector (10) being a mea- 
sure for the deflection of said cantilever beam 
(2) as its tip (3) interacts with the surface (11) 

35 of the storage medium (12). 

2. Atomic force sensor head in accordance with 
claim 1. characterized in that said cantilever 
beam (2) is designed so that its force constant 
40 f R and its resonant frequency «o respectively 

obey the following equations: 



wherein E = 7,2 x 10 10 N/m 2 is Young's modulus 
of elasticity for Si02, w, t and I are respectively 
width, thickness and length of cantilever 2, and p 
2,2 x 10 3 kg/m 3 is the specific density of the 
cantilever material. With the parameters indicated 
above and with the realistic assumption that w = 
8t, the dimensions of the cantilever beam result as 
w = 115 pm, t = 14 jim, and I = 1150 P m. 
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a>o = 1.02 



wherein E is Young's modulus of elasticity; w, t 
and I are respectively width, thickness and 
length of the cantilever (2), and p is the spe- 
cific density of the cantilever material. 
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